Chronic kidney disease (CKD) is a widespread condition in the global population and is more common in the elderly. Thyroid-stimulating hormone (TSH) level increases with aging, and hypothyroidism is highly prevalent in CKD patients. However, the relationship between low thyroid function and mortality in CKD patients is unclear. Therefore, we conducted a retrospective cohort study to examine the relationship between TSH elevation and all-cause mortality in elderly patients with CKD. This retrospective cohort study included individuals !65 years old with CKD (n = 23,786) in Taipei City. Health examination data from 2005 to 2010 were provided by the Taipei Databank for Public Health Analysis. Subjects were categorized according to thyroid-stimulating hormone (TSH) level as follows: low normal (0.34< TSH<1.074 mIU/L), middle normal (1.074 TSH 2.46 mIU/L), high normal (2.46<TSH<5.2 mIU/L), elevated I (5.2 TSH<10 mIU/L), and elevated II (TSH!10 mIU/L). Risk of mortality was evaluated using a Cox proportional hazard regression model adjusted for sex, age, hypertension, diabetes mellitus, CKD stage, serum albumin, high-density lipoprotein cholesterol, uric acid, hemoglobin, body mass index, glutamic-pyruvic transaminase, smoking, alcohol consumption, and history of cardiovascular disease (coronary artery disease, congestive heart failure, cerebral vascular disease), history of cancer, and history of chronic obstructive pulmonary disease. Our results showed that compared to the reference group (middle normal TSH), the risk of all-cause mortality was increased in the elevated I group (hazard ratio [HR], 1.21; 95% confidence interval [CI], 1.02-1.45) and elevated II group (HR, 1.30; 95% CI, 1.00-1.69). We found a significant association between TSH elevation and all-cause mortality in this cohort of elderly persons with CKD. However, determining the benefit of treatment for moderately elevated TSH level (5.2-10 mIU/L) in elderly patients with CKD will require a well-designed randomized controlled trial.
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Introduction
Chronic kidney disease (CKD) is a common condition worldwide, with a prevalence ranging from 5.8% to 13 .1% in different countries [1] , and is particularly common in the elderly population. Aging, hypertension, diabetes, and cardiovascular disease (CVD) are important determinants of CKD [2] , but some cases of CKD are of unknown etiology [2, 3] . A recent epidemiological study found a significant relationship between elevated thyroid-stimulating hormone (TSH) level and the development of CKD in elderly persons [4] . Other studies have shown that TSH level increases with aging in the general population [5, 6, 7, 8, 9] , and hypothyroidism is prevalent among CKD patients [10, 11, 12] . However, the relationship between mild thyroid dysfunction and mortality is unclear.
Decreased thyroid function may be a protective mechanism to reduce protein catabolism [13] . Accordingly, several studies reported that elevated serum TSH level is associated with longevity [14, 15] . A large cohort study in Denmark also reported that subclinical hypothyroidism may be associated with a lower risk of all-cause mortality in individuals older than 65 years [16] . However, other studies have reported that both subclinical hypothyroidism (increased TSH level with normal free thyroxine level) and overt hypothyroidism are associated with a higher risk of all-cause and cardiovascular mortality in adults [17, 18, 19, 20, 21, 22] . Hypothyroidism was also reported to be associated with increased mortality in chronic dialysis patients [23, 24, 25, 26, 27, 28] .
Low thyroid function is also associated with elevated plasma total cholesterol and low-density lipoprotein cholesterol [29, 30] and increased carotid intima-media thickness [31, 32, 33] . These findings suggest that abnormal thyroid function may increase the risk of CVD [34] . Patients on chronic dialysis may have impaired immune function, decreased antioxidant defense, accumulation of carcinogenic substances, and chronic infections and inflammation, suggesting that CKD patients may have a higher risk of cancer [35] . Consistent with this idea, an increased incidence of cancer has been observed in non-dialysis CKD patients [36] and chronic dialysis patients [37, 38] . However, few studies have assessed the relationship between abnormally low thyroid function and mortality in elderly patients with CKD. Therefore, we conducted a retrospective cohort study to analyze the relationship between TSH elevation and all-cause mortality in elderly patients (!65 years old) with CKD.
Materials and Methods

Patients and data source
The data used in this retrospective cohort study were provided by the Taipei Databank for Public Health Analysis, an official healthcare database in Taipei City. The Taipei City Government offers free annual health examinations for citizens aged !65 years in qualified hospitals. The database compiles longitudinal health examination data of these patients including demographic characteristics, medical history, medication history, alcohol consumption, smoking status, vital status, and laboratory results. The vital status and cause of death were matched with national death records. All identifying information associated with the data was removed before release.
We included elderly individuals who underwent health examinations from 2005 to 2010 and had prevalent CKD. Exclusion criteria were age <65 years old, receiving medication for thyroid disease, missing serum TSH data, missing body weight data, TSH 0.34 mIU/L, and only one check-up in 2010. The identification data of the participants were removed before we analyzed them. The study was approved by the institutional review board of Taipei City Hospital (No. CHIRB-1020410-E).
Chronic kidney disease definition
In this study CKD was defined as estimated glomerular filtration rate (eGFR) <60 mL/min/ Categorization of subjects according to TSH level TSH levels were determined every other year using a third-generation assay. A total of 91,609 subjects had TSH data. We excluded individuals taking thyroid medication (n = 1,439) and those with TSH levels !99 mIU/L (n = 14) or 0 mIU/L (n = 92). Of the remaining 90,094 subjects, the 2.5th, 25th, 50th, 75th, and 97.5th percentiles for TSH level were 0.34, 1.074, 1.26, 2.46, and 6.45 mIU/L, respectively. The subjects were categorized according to baseline serum TSH level as follows: (1) 
Possible confounders in the relationship between TSH level and mortality
Possible confounders include hypertension, diabetes mellitus (DM), history of CVD (coronary artery disease, congestive heart failure, cerebral vascular disease), history of cancer, history of chronic obstructive pulmonary disease (COPD), low serum albumin, dyslipidemia, hyperuricemia, abnormal liver function, anemia, low or high body mass index (BMI), smoking, and alcohol consumption. Hypertension was defined as systolic blood pressure !140 mmHg, diastolic blood pressure !90 mmHg, or use of anti-hypertensive medications or was determined based on medical history. Diabetes was defined as a fasting serum glucose !126 mg/dL or use of anti-diabetic medications, or was determined based on medical history. History of CVD, cancer, and COPD were determined by the patient's medical history or known cause of death. Smoking status was categorized as never, occasional smoker, or frequent smoker. Alcohol consumption was categorized as never, occasional, or frequent.
Ascertainment of all-cause, CVD, infectious disease, cancer, and respiratory disease deaths 
Statistical analysis
Data were reported as mean ± standard deviation (SD) or n (%), as appropriate. Groups were compared by analysis of variance, followed by the Bonferroni correction. Differences in proportions were tested using the chi-square test. Survival time was calculated from the first examination (year) until death or censoring. Data were censored at the end of the follow-up period. Survival analyses were performed using the Cox proportional hazards model. The relative risk of mortality was determined using multivariate Cox regression analysis and presented as hazard ratio (HR) and 95% confidence interval (CI). A Cox proportional hazard model adjusted for hypertension, DM, history of CVD, history of cancer, history of COPD, serum albumin, CKD stages, high-density lipoprotein cholesterol (HDL-C), uric acid, glutamic-pyruvic transaminase (GPT), hemoglobin, BMI (kg/m 2 ), history of smoking, and history of drinking. A pvalue <0.05 was considered significant. Statistical analysis was performed using SAS 9.4 software (SAS Institute, Inc., Cary, NC, USA).
Results
Of the 101,137 elderly individuals who underwent health examinations from 2005 to 2010, 23,786 were included in the analysis (Fig 1) .
The cohort included 10,466 women (44.0%), and the mean age was 77.25±6.89 years ( Table 1 ). The 5-year study period yielded 107,346 person-years of follow-up, with a mean follow-up of 4.5±1.5 years. Categorization of the subjects according to TSH level resulted in 4,859 These five groups were similar in terms of prevalence of hypertension, DM, history of cancer, and history of COPD. However, mean age and prevalence of CVD history were higher in the elevated II group compared with the other groups, and the proportion of women was higher in the two groups with elevated TSH levels.
Results of post hoc analysis with the Bonferroni correction were as follows. The low normal TSH group had a significantly lower mean BMI than the middle normal and high normal groups. In addition, the low normal group had a significantly higher mean HDL-C level compared with the middle normal, high normal, and elevated I groups. The high normal group had significantly higher mean uric acid and GPT levels compared with the low normal group. The elevated I group had a significantly lower mean hemoglobin compared with the low normal and middle normal groups. The elevated II group had a significantly higher prevalence of CKD stage 3 compared with the other four groups and significantly lower mean serum albumin compared with the low normal and middle normal groups. In addition, the elevated II group had a significantly lower mean hemoglobin level compared with the low normal, middle normal, and high normal groups.
During the 5-year follow-up, 3,035 (12.8%) deaths occurred, including 864 (28.5%) deaths due to cancers, 795 (26.2%) deaths due to CVD, 359 (11.8%) deaths due to infectious diseases, and 139 (4.6%) deaths due to respiratory tract diseases. The adjusted HRs and 95% CIs for death are shown in Table 2 . TSH elevation between 5.2 and 10 mIU/L (elevated I group) was associated with increased mortality risk compared to TSH level between 1.074 and 2.46 mIU/L (middle normal group) (HR, 1.21; 95% CI, 1.02-1.45). TSH elevation !10 mIU/L appeared to be associated with an increased mortality risk compared to the middle normal TSH level (HR, 1.30; 95% CI, 1.00-1.69).
With CVD mortality or malignancy mortality as the dependent variables, the risk of death was not significantly greater when TSH level was elevated. No interactions were found between TSH level and CKD, treating CKD as a dichotomous variable (stages 1/2 vs. stages 3-5). Interactions between TSH level and sex and age (<85 or !85 years) were not significant.
Discussion
In this retrospective observational study, we found that that TSH elevation, which suggests low thyroid function, was associated with an increased mortality risk in elderly patients with CKD in Taipei City. Serum TSH level increases slowly with age in the elderly population, with the normal range in adults older than 70 years old reported as 0.62-6.15 mIU/L [40] and 0.47-7.11 mIU/L [41] . In our study of 90,094 subjects older than 65 years who had CKD, the 2.5th, 25th, 50th, 75th, and 97.5th percentiles of TSH level were 0.34, 1.074, 1.26, 2.46, and 6.45 mIU/ L, respectively. Treatment for subclinical hypothyroidism (TSH level between 5 and10 mIU/L) Results are presented as n (%) or (mean±SD). Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; GPT, glutamic-pyruvic transaminase;
HDL-C, high-density lipoprotein cholesterol; SD, standard deviation doi:10.1371/journal.pone.0168611.t001
is not well established [42] . In this study we classified subjects into five groups based on TSH level, using a cutoff value of 5.2 mIU/L to define TSH elevation. Both subclinical and overt hypothyroidism are common in CKD patients [5] [6] [7] [8] [9] . For example, decreased iodine excretion due to impaired glomerular filtration can lead to elevated serum iodine concentration, thereby blocking thyroid hormone production (Wolff-Chaikoff effect) [43] . In addition, low thyroid function appears to be a protective mechanism to save energy and is associated with a longer life span [14, 15] . However, hypothyroidism is also associated with several risk factors for CVD such as dyslipidemia, systolic and diastolic hypertension, atherosclerosis, ventricular arrhythmia, and decreased endothelial vasodilation [29] [30] [31] [32] [33] [34] .
Our results are consistent with previous studies reporting that subclinical and overt hypothyroidism are associated with an increased risk of mortality in adults. In a meta-analysis of 11 cohort studies with 55,287 participants, subclinical hypothyroidism (TSH concentration !10 mIU/L) was associated with an increased risk of coronary heart disease (CHD) events and CHD mortality in individuals younger than 65 years [18] . However, a large Danish study found that subclinical hypothyroidism (TSH 5-10 mIU/L) was associated with a decreased risk of all-cause mortality only in individuals older than 65 years [16] . Age-dependent susceptibilities to mild hypothyroidism may explain this discrepancy [44, 45] . In our cohort, moderately elevated TSH level (5.2 TSH<10 mIU/L) was significantly associated with all-cause mortality. The nonsignificant association between TSH level !10 mIU/L and all-cause mortality may have been due to the relatively small number of subjects in that TSH group (n = 351, 1.5%). Our finding that thyroid dysfunction was not significantly associated with mortality in subjects older than 85 years could potentially be explained by the energy-saving benefit of mild hypothyroidism in this age group [44, 45] . However, subjects older than 85 years with elevated TSH (!5.2 mIU/L) did not have a lower risk of death. In our study, the HRs for history of CVD and history of cancer were high, which is consistent with the results of previous studies. For example, CVDs were identified as the most common causes of death for end-stage renal disease patients by the US Renal Data System [46] . A more recent study in the US found that CVDs and cancer were the leading causes of death in CKD patients, with more cancer deaths than CVD deaths in patients in the earlier stages of kidney disease [36] . Similarly, a recent study in Hong Kong reported a higher incidence of cancer in chronic dialysis patients compared with the age-and sex-matched general population [38] .
In our study, 3,035 (12.8%) of the subjects died during the 5-year study period: 864 (28.5%) deaths were cancer-related, and 795 (26.2%) were CVD-related. We found that the risk of CVD death was not significantly greater in subjects with elevated TSH levels. In addition, only 1.8% of the elderly subjects had stage 5 CKD (Table 1) . Thus, a longer follow-up may be needed to better understand the relationship between low thyroid function and cause of death among elderly individuals with CKD.
The main strength of this research study was its large sample size, which allowed us to perform stratified analyses. Second, we collected a significant amount of clinical data to adjust for multiple confounders. Third, we were able to verify cause of death. However, several limitations of the study must be mentioned. First, of the thyroid hormones, only TSH level was measured. The lack of free thyroxine data prevented us from differentiating between subclinical hypothyroidism and overt hypothyroidism. Second, the elderly subjects who underwent annual health examinations may not truly represent the general population, limiting the generalizability of our results to all elderly patients with CKD. Third, because of the observational nature of the data, there may be unobserved variables that influenced survival. Therefore, we are unable to infer a causal relationship between hypothyroidism and patient outcome.
In conclusion, we found a significant association between TSH elevation and mortality in elderly patients with CKD. An increased death risk was observed in individuals with TSH level higher than 5.2 mIU/L. This finding suggests that periodic evaluation of TSH level in elderly CKD patients may be useful to detect abnormal thyroid function. However, a well-designed randomized controlled trial is needed to evaluate the benefit of treating TSH elevation in elderly patients with CKD. Further studies to investigate the need for cancer screening in CKD patients may also be necessary.
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